Moringa peregrina which is one of the most valuable and economically important medicinal species in the Egyptian desert has become one of the most endangered trees due to unmanaged grazing and over-collection. The present study aims to provide ecological assessment of the species and to investigate whether progeny from the remnant fragmented populations show reduced fitness. Sixteen sites containing a total of 197 trees were sampled upon survey of Wadis in South Sinai, where vegetation parameters and associated species were recorded. Variation in edaphic factors, phenotypic traits, germination, and early life-history fitness were assessed and analyzed. The results indicated that M. peregrina has narrow distribution and grows on cliffs and at the base of hills (300 -800 m a.s.l.) with very rugged topography. Almost all the reproductive trees grow on south facing slopes and crevices of metamorphic rocks. The study clearly showed that the studied populations have very low early stage fitness estimated as an index of maternally affected life-history characters. The study suggested that the deteriorated environmental circumstances have affected negatively the fitness of maternal plants in small populations and the performance of their offspring. It concluded that direct protection is urgently needed to stop further deterioration of the populations and to improve their number and size.
Introduction
Egypt, due to explosive growth of its population, needs to conserve, reallocate, and sustainably use its natural biological resources. A special concern should be directed to underutilized, rare and endangered but economic species. In the last thirty years, the wild vegetation of South Sinai has been endangered which resulted in disappearance of palatable species, rarity of trees, and change in vegetation composition (Moustafa et al., 2001) . Abd El-Wahab et al. (2004) assessed the status, distribution, the causes of loss, and the specific threats facing conservation and sustainable use of medicinal plants in St. Catherine Protectorate. The study recommended that detailed and specific reproductive ecology, life-history characteristics, and population genetic diversity and structure studies are essentials to construct sound conservation and sustainable utilization plan for the threatened medicinal species.
Due to the destruction, deterioration and fragmentation of their habitats, many species (including Moringa peregrina) have recently been forced into small and isolated populations. Moringa peregrina which belongs to the monogeneric family Moringaceae, with just thirteen/fourteen species throughout the dry tropics of the world (Somali et al., 1984) , is one of the most economically important medicinal plant species in Egyptian desert. Moringa family consists of about ten Xerophytic species (FAO, 1988 Due to the over-stressing demand and use of Moringa peregrina, there are increasing threats facing its populations in wild. It is subjected to severe over-harvesting, overgrazing, over-cutting, and uprooting (for fuel and medicinal uses) as well as disturbance through unmanaged human activities. These activities have caused M. peregrina to become extremely rare in Egypt. The overall result has been the extirpation of whole populations and a reduction in size of the remaining populations. There has also undoubtedly been an erosion of genetic diversity. A loss of genetic variation may reduce the ability of local populations to adapt to changes in the environment and the potential for evolutionary change (Frankel and Soulé, 1981; Beardmore, 1983) . The continued over-exploitation of natural populations threatens this species with local extinction unless these practices are stopped and natural populations are restored. In addition, since this species is a promising candidate for cultivation, the loss of genetic variation that accompanies the reduction of population sizes could jeopardize selection for increased productivity. Due to a shortage of native M. peregrina, Egyptian medicinal plant traders have to import pods of other Moringa species to cover the demand for Moringa products.
The present study aimed to provide ecological assessment of the species which will greatly assist the design of rehabilitation as a part of in situ and ex situ conservation program and to investigate whether progeny from the remnant and fragmented small populations of Moringa peregrina show reduced fitness.
Materials and methods

Study area
The study was carried out in St. Catherine Protectorate, which covers 4300 km 2 and lies in the middle of the triangular mass of mountains of the southern part of the Sinai Peninsula that is bounded to the east and the west by Aqaba and Suez Gulf, respectively. This triangular mass of mountains, with its apex at Ras Mohammed to the south, is 7500 Km 2 in surface area and formed of igneous and metamorphic rocks, chiefly granites (Said, 1990 ). This mass of mountains is intensively rugged and dissected by a complicated system of deep Wadis, some of which reach a considerable length (e.g. Wadi Feiran, and Wadi Zaghra) and some are shorter, narrow and steeper, and represent tributaries of the main Wadis (e.g. Wadi El-Arbae'en) (Said, 1990; Moustafa and Klopatek, 1995 
Figure 1. Location map of the studied Moringa peregrina populations in Southern Sinai
Wadi Me'ir is a rocky plain with more than 80% of the surface been covered with cobbles and stones, and about 20% with fine sand. The Wadi-bed is dissected with channels and deltas due to the water erosion. Generally, the total plant cover ranges between 1-5% allover the Wadi and 20-30% at some tributaries at the middle of the Wadi (Moustafa et al., 1998 Threats affecting Moringa peregrina in the aforementioned Wadis include overcollection mainly of seeds for trade and of fuel wood for cooking and heating. Breaking down of the tree branches as a result of over-grazing effect is obviously shown around the area. Note: * = P ≤ 0.05, ** = P ≤ 0.02, NS = non significant variation
Field survey and seed collection
Three Wadis known to support M. peregrina trees were surveyed and sixteen sites were sampled ( Figure 1 and Table 1 
Variation in phenotypic traits, germination and early-life growth
Vegetative parameters including crown cover, diameter, height, and average seed number/fruit and weight for each population was also measured ( Table 1 ) to asses the variation in phenotypic traits between studied populations. Seeds of M. peregrina germinate well without any pre-treatment. So, a total of 2788 seeds from forty-seven trees representing different sampled populations were sown directly on Fafard mix no.3B (Canadian Sphagnum Peat, Vermiculite, Perlite, and Processed Pine Bark.) and placed in a greenhouse. Germination percentage and variation between sampled populations were assessed.
A total of 1302 M. peregrina seeds representing thirty-two tree grown at Wadi Fieran (165 seeds from five trees) and Wadi Zaghra (1137 seeds from twenty-seven trees) were planted in sand-Peat Moss 1:1 mixture and placed under open-air conditions in SCU botanical garden during the growing season (March and April). Germination percentage was assessed for every tree and the mean for every population and overall mean were calculated. Early-life growth parameters including height, number of branches, and vitality of 10 seedlings were measured every two weeks for six months. Variation in germination percentages and growth parameters between trees and populations were assessed.
Using MINITAB release 14 computer software, One Way ANOVA was used to test the variation between groups. As the ANOVA procedure depends on data being at least a reasonably close approximation to a normal distribution, the Anderson-Darling test was used to allow the possible conclusion that the departures from normality are detectable or not. Bartlett's or Levene's test was used to test for variance homogeneity. Bartlett's test was used when the data come from a normal distribution and Levene's test was used when the data come from continuous, but not necessarily normal, distributions. Kruskal-Wallis was used as an alternative to ANOVA with data sets that failed that test for normality and/or homogeneity of variance.
Variation in early life-history fitness
Survivorship of any plant in such harsh desert environment depends on its fitness to this environment. Since fitness is the probability of a plant to survive until the reproductive age and gives offspring, it is a net function of the total number of seeds that the mother plant produces, the viability of the produced seeds, the probability of germination and producing seedlings, and the probability of these seedlings to grow ahead of seedling (juvenile) stage and get established (adult). Abd El-Wahab (1995) revealed that the seeds of M. peregrina is almost hundred percent viable. As a result, the viability does not contribute to differentiate between populations in their fitness. The net number of seeds been produced by a tree could be, logically, calculated through estimating the average number of seeds each fruit has, multiplied by the total number of that fruits a tree produce. Unless been in fenced enclosures, practically in highly palatable seeds, the total number of fruits been produced by a tree could not be estimated. Meanwhile, the average number of seeds per fruit is still a good indicator for the overall seed production and that is what we adopted here.
Growth parameters like number of branches, height, and vitality reflects the healthiness of the tree and hence refers directly to establishment probability. As M. peregrina seeds are highly palatable, its weight (as it reflects its size and storage material content) represents a major factor in determining the risk of been eaten. higher weight of seeds the higher probability of been eaten, i.e. low establishment probability. Therefore, six measured life-history parameters (average number of seeds/fruit, seed weight, germination percentage, height, number of branches, and vitality) were subjected to principal component analysis to develop a smaller number of artificial variables (principal components) that will account for most of the variance in the estimated fitness in case there is some redundancy in those variables. As long as Moringa peregrina seeds have no innate dormancy, the germination rate may reflect the total fitness including female (production of ovules) and male fitness (fertilization of produced ovules).
The transformed data (divided by the maximum measured value) of average number of seeds/fruit and seed weight, germination percentage (in greenhouse and open-air), and growth parameters (height, number of branches, vitality) were used to construct a fitness index for the Early life-history as follows:
 Fitness = average number of seeds/fruit X seed weight X germination (greenhouse & open air) X height X number of branches X vitality  Statistical analyses of fitness traits and fitness index were performed using MINITAB release 14 computer program. One-way ANOVA or Kruskal-Wallis was used to test for significant differences between populations. KruskalWallis test was used when ANOVA could not be used due to a violation of its assumptions, normality and/or variance homogeneity.
Results
Ecological status assessment
Three Wadis in South Sinai known to support M. peregrine populations were surveyed. Sixteen sites containing a total of 197 M. peregrina trees were recorded ( Table 1) . The largest population (N = 40) was recorded in W. Fieran (site 3). Two isolated trees were recorded, one in site 10 in W. Zaghra and another in site 11 in W. Fieran. The most noticeable field observation was that almost all reproductive trees grow on south facing slopes and crevices of metamorphic rocks. At the same Wadi, trees growing on north facing slopes do not flower. This observation may indicate the importance of the light and temperature as reflected by slope exposure as a limiting factor for growth, flowering and fruiting by M. peregrina. Most M. peregrina populations grow on cliffs and at the base of hills with very rugged topography. The elevation of these hills ranges between 300 to 800 m above sea level. The narrow distribution of M. peregrina is due to over-grazing (the seeds are highly grazed by goats and sheep), soil moisture content and over-cutting.
Twenty five species were recorded as commonly associating species to M. peregrina in the surveyed sites. Associating species ( Soil physical analysis showed that surface soils of the different sites supporting M. peregrina populations are characterized by very narrow (non-significant, Table 3 ) variation in soil texture with more or less neutral to slightly alkaline sandy soil (pH = 6.5 -7.9 and sand fraction = 62.7 -96. between EC and Clay content (CC = 0.582, P = 0.001) and negative one between silt and sand fractions (CC = -0.989, P = 0.000). 
Sandy loamy to Sandy
Note: * = P ≤ 0.05, ** = P ≤ 0.02, NS = non significant variation Human activities that threaten M. peregrina populations in the studied three Wadis are the over-grazing, over-cutting, and over-collection. Over-cutting and breaking down M. peregrina fragile branches are one of the best preferred sources for cooking and heating for most of Bedouins living near M. peregrina populations and especially when there are no other substitutes (e.g Acacia tortilis, Anabasis articulata, Artemisia judaica, and Haloxylon salicornicum) in very dry seasons and years like the recent ones.
Although M. peregrina is one of the most suffering medicinal plants from overcollection of ripened seeds for feeding livestock animals, local trade, and research, this collection has more profound effect on M. peregrina populations than over-grazing and over-cutting where most of the produced seeds are eaten by grazing shoats in situ. Off course the magnitude of the anthropogenic effect differs from population to another and from Wadi to another depending on the closeness and size of the human population size nearby the targeted M. peregrina population. It is higher on populations grow at W. 
Phenotypic variation
Seed characters (weight and number)
Although there was variation detected between populations growing at different Wadis in the average seed weight, it was not significant. Generally, seeds collected from populations at W. Feiran (mean = 0.74g, SD = 0.11) have higher weight than that collected from populations at W. Zaghra (mean = 0.58g, SD = 012) and W. Me'ar (mean = 0.58g, SD = 058), respectively ( Table 4 ). It varied from 0.61 to 0.89g for the populations growing at W. Fieran, from 031 to 089g at W. Zaghra, and from 0.33 to 0.97g at W. Me'ar. The overall mean is 0.60g (SD = 0.14). Unlike the average seed weight, number of seeds per pod showed a highly significant variation (P = 0.000) between populations and between individual. It ranged from two to eighteen in trees at W. Feiran and to twenty-three in trees at W. Zaghra.
Vegetative parameters
Tree crown cover and height showed a highly significant variation (P = 0.000) between populations and Wadis ( Table 1) . Trees at Wadi Zaghra showed the highest cover (mean = 20.81, SD = 8.01) and height values (mean = 10.30, SD = 4.93) followed by trees at Wadi Fieran (mean cover = 8.11, SD = 5.61, mean height = 3.83, SD = 2.56) and trees at Wadi Me'ar (mean cover = 6.28, SD = 3.33, mean height = 3.70, SD = 2.00). Pearson correlation coefficient showed a highly significant positive correlation between the trees crown cover and their height which is very logical, but did not show any significant correlation with the measured soil characters.
Variation in growth and fitness traits
Germination
Germination percentage of M. peregrina seeds planted in greenhouse was significantly higher than 55.56 %. It had highly significant difference among trees (P = 0.000) and ranged highly from 0% to 100% with an overall mean percentage of 89.7 % (SD = 17.42). Although this highly significant variation between trees together with the apparent variation in mean germination percentage in different Wadis (97.38%, 88.87%, and 80.00 % for seeds from W. Fieran, W. Zaghra, and W. Me'ar, respectively), this apparent variation between populations was not significant (P = 0.12). Pearson correlation coefficient showed a positive highly significant correlation between M. peregrina seed weight and germination percentage in greenhouse (P = 0.001).
Germination under the open-air condition in botanical garden at Ismailia did not show a significant variation between populations in Wadi Fieran and W. Zaghra. However, the mean germination percentage differed between the two wadis. While it was significantly higher than 70.7 % for populations at W. Zaghra, it was only higher than 42.2 % for populations at W. Fieran (Table 4 ). This open-air germination did not show significant correlation with germination in greenhouse condition ( Table 5) 
Height, branching, and vitality
The height of M. peregrina juveniles grown in botanical garden of SCU at Ismailia under uncontrolled condition (open-air) during growing season (March -October) showed a highly significant variation between trees (P = 0.000) and between populations (P = 0.000). Although height was positively correlated with number of branches (C.C. = 0.967, P = 0.000), the latter had variation between trees but not populations (P = 0.000 and 0.201, respectively). Meanwhile, Pearson test did not detect significant correlation between the height and either germination in greenhouse or in botanical garden (C.C. = 0.063, 0.086, respectively).
Although Kruskal-Wallis test revealed a highly significant variation in measured vitality between trees and populations (P = 0.000 for both), Pearson coefficient did not recognize any significant correlation between vitality and other measured parameters ( Table 5 ). 
Early life-history fitness
Correlation coefficients among the measured life-history characters are presented in Table 5 . Except for two sets of characters, one is related to seeds (germination in greenhouse and weight) and the other is related to seedlings (height and number of branches), all other intercorrelations were not significant ( Table 5) . PCA reduced the total set of partly intercorrelated variables to four uncorrelated principal components. The component loadings per original variable and the proportion of total variance explained by the four components are given in Table 6 . Together, the four principal components explain 87.1 % of the total variation. The first main fitness component appears to be correlated with a combination of seedlings height and number of branches. Germination rate in greenhouse and seed weight have the highest loadings for the second fitness component while number of seeds per pod and produced seedling 
Discussion
Climate change and its consequences present one of the most important threats to biodiversity and the functions of ecosystems. The stress on biodiversity is far beyond the levels imposed by the natural global climatic changes occurring in the recent evolutionary past. It includes temperature increases, shifts of climate zones, melting of snow and ice, sea level rise, droughts, floods, and other extreme weather events (Omann et al., 2009) . During the past century, annual mean temperature has increased by 0.75 o C and precipitation has shown marked variation throughout the Mediterranean basin (Osborne et al., 2000) . This change affected the wild vegetation of South Sinai in general and resulted in rarity of trees and change in vegetation composition (Moustafa et al., 2001) . Unmanaged anthropogenic practices and the natural sparseness of vegetation in desert ecosystems magnify the effect of climate change and results in more fragile and sensitive ecosystem to human impacts (Batanouny, 1983) .
Habitat fragmentation is considered to be one of the major threats to biological diversity (Eriksson and Ehrlén, 2001; Oostermeijer, 2003) . Human activities have had a strong impact on landscape structures, often associated with a decline in habitat size, an increase in habitat isolation, altered habitat conditions and loss of plant-animal interactions (e.g. Fischer and Matthies, 1998; Kearns et al., 1998) . Various studied have shown that plants in fragmented populations may be smaller, have lower reproductive output and reduced seed germinability compared to non-fragmented populations.
As a multi-use economical important medicinal species, Moringa peregrina has experienced unmanaged anthropogenic practices (especially the over-collection of ripened seeds) beside the harsh habitat conditions resulting in a sharp decline in number and size of its populations in Sinai (Abd El-Wahab, 1995; abd El-Wahab, 2004 ). This reduction in the number of populations and individuals has had a negative impact on the wildlife of the region since M. peregrina together with Acacia trees and various shrub species provide an essential food source for desert wildlife. The data presented in this paper clearly show that remnant populations of the rare medicinal species Moringa peregrina have very low early stage fitness estimated as an index of maternally affected life-history characters, represented by seed number and weight, germination rate under greenhouse and open-air conditions, and seedlings characters including height, number of branches, and vitality. All of the studied populations could be considered small ones, meanwhile Zaghloul et al. (in preparation) revealed that these populations have reduced genetic diversity. This may suggest that the deteriorated environmental circumstances, which the maternal plants in small populations encounter, affect the performance of their offspring negatively. Several previous studies (e.g. Schaal, 1984; Roach and Wulff, 1987) showed that environmental stress on maternal plants is carried over to the progeny, especially in the first stages of their development. Also, several previous works (e.g. Ouborg et al., 1991; Oostermeijer et al., 1994 ) demonstrated a positive relationship between population size and variation in fitness components for rare perennial plant species. Similar results were obtained in Acacia tortilis subspecies raddiana populations growing in the same habitats (Zaghloul, 2008) . Zaghloul et al. (in preparation) demonstrated that Moringa peregrina populations experience real selfing (16%) and open-pollinated seeds are a product of both selfing and outcrossing events. The potential for maternal plants in small populations to invest in offspring may also be reduced by inbreeding depression, or because they are, just by chance, a poorly performing sample of survivors from the previous larger populations, a phenomenon known as demographic stochasticity (Menges, 1991) . However, it is not likely for the long-lived Moringa peregrina (unpublished data) that there has been a history of inbreeding. So, it is most likely that the very low maternally affected fitness is due to environmental stress (including threats imposed by contemporary prevailing drought and anthropogenic practices) on the remaining populations.
The results of current study showed a highly significant variation (P = 0.000) between populations in number of seeds per pod, crown cover, and height of trees ( Table 1) . This variation could be attributed to very low observed heterozygosity (H o = 0.04, Zaghloul et al., in preparation) that is recorded in these populations that the reduced heterozygosity does not only lower individual fitness, but may also increase the amount of variation among progeny since 'developmental homeostasis' is disturbed in homozygotes (Mitton and Grant, 1984; Mitton, 1989) .
In conclusion, current threats and the prevailing harsh habitat conditions are the main causes for the need of the species conservation and development of a plan for its sustainable management in the Sinai. Direct protection is urgently needed to stop further deterioration of M. peregrina populations and to improve their ability to maintain or improve population numbers.
